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ABSTRACT 
A procedure was developed to determine the thickness swell distribution of wood composite panels, 
based on the vertical density distributions from before and after the water soak test. The procedure 
used a linear relationship of the density between adjacent density data points in the vertical density 
distribution, and it assumed a constant weight of an individual horizontal layer after swell. A computer 
algorithm was developed for this estimation. The procedure was used to examine the thickness swell 
distribution of medium density fiberboard, oriented strandboard, and particleboard. Thickness swell 
distribution in relation to the layer density was discussed. 
Keywords: Medium density fiberboard, oriented strandboard, particleboard, thickness swell, vertical 
density distribution. 
INTRODUCTION 
The thickness swell (TS) measured by the 
water soak method (American Society for 
Testing and Materials 1994) is usually taken 
as the primary measure of the dimensional sta- 
bility of wood composite panel materials. Cy- 
clic relative humidity tests are also used to 
evaluate TS of many interior-use panel ma- 
terials; the water soak method accelerates TS 
and is often a preferred procedure for labo- 
ratory analysis. A major component of TS 
comes from the release of the compressive 
stress (or strain) incorporated into the com- 
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posite mat during pressing. This release of stress 
is usually accompanied by some degree of 
strength loss due to the degradation of adhe- 
sive bonds. Large TS influences composite 
panel performance, both visually and func- 
tionally, in many applications involving ex- 
posure to weather or high relative humidity. 
Almost all production or processing parame- 
ters have been recognized to influence TS per- 
formance (Kelly 1977), and many methods to 
improve TS have been explored (Halligan 
1970; Hsu et al. 1988; Winistorfer et al. 1992; 
Youngquist et al. 1986). 
The vertical density distribution (VDD) 
within the panel is generally believed to influ- 
ence TS. While the formation mechanism of 
VDD was established in the early stages of 
wood composite panel development (Strickler 
1959; Suchsland 1962), interest has recently 
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risen to quantify the shape of the VDD and 
relate it to TS. By simply overlaying the VDDs 
of particleboard, before and after a two-hour 
water soak test, Wang et al. (1 988) observed 
that the TS occurred across the whole thick- 
ness of the board. Using a manual iterative 
technique based on grouping individual VDD 
data points into similar regions, Davis (1989) 
divided a 12.7-mm-thick board into five dif- 
ferent density zones through the board thick- 
ness and performed a correlation analysis be- 
tween TS and these density zones. Suo (1 99 1) 
approached a wood composite as a multilayer 
system and proposed a model to predict the 
TS behavior based on the properties of each 
layer. Winistorfer et al. (1995) applied a non- 
parametric regression technique to model the 
VDD and a statistical methodology to com- 
pare the VDDs resulting from experimental 
treatments for laboratory-produced oriented 
strandboard (OSB). Using this technique, 
Winistorfer et al. (1 995) quantitatively recon- 
firmed that the VDD of wood composites is 
affected by the press closure rate and furnish 
moisture content. 
A method to determine the TS distribution 
across the board thickness is clearly needed to 
relate the VDD to TS. In this paper, a proce- 
dure based on the VDD data from before and 
after the water soak test is developed to esti- 
mate the TS distribution (profile) across the 
thickness of the panel for medium density fi- 
berboard (MDF), OSB, and particleboard. 
MATERIALS AND METHODS 
The materials consisted of three commercial 
composite products: MDF (density: 760 kg/ 
m3, thickness: 20 mm), particleboard (density: 
720 kg/m3, thickness: 25 mm), and OSB (den- 
sity: 530 kg/m3, thickness: 17.5 mm). These 
materials were anonymously procured, and 
manufacturing processing conditions were not 
known. For each material, specimens measur- 
ing 100 mm x 100 mm were prepared; and 
their VDDs were measured using the scanning 
gamma ray densitometer according to the pro- 
cedures previously described by Winistorfer et 
al. (1 986). The use of a specimen size of 100 
mm x 100 mm rather than the standard 150 
mm x 150 mm to measure the TS was deter- 
mined by the configurations of the densitom- 
eter. Counts (transmitted radiation at the de- 
tector) were taken for 20 seconds at each step, 
with a scan increment of 0.254 mm. A detector 
window slit with a width of 0.20 mm and a 
height of 10 mm was used. 
Three individual specimens of MDF, OSB, 
and particleboard were subjected to water soak 
exposure times of 12, 24, and 168 h, respec- 
tively. The VDD of each specimen was re- 
measured after the water soak exposures when 
the specimen had equilibrated to presoak 
weight. Based on the VDD data, a procedure 
was developed to estimate the TS distribution 
across the board thickness for each material. 
It should be noted that the TS reported in this 
paper only represents the component (a major 
component) that resulted from the release of 
compressive stress; this limitation is necessi- 
tated by the mathematical model used in this 
investigation. The recoverable swell due to the 
moisture uptake could be superimposed to this 
distribution by utilizing the wood-moisture re- 
lationship. 
Procedure 
The rationale followed is to calculate the 
swollen thickness of each layer, layer by layer, 
based on the premise that each layer will weigh 
the same before and after swell (obviously, the 
layer volume will be different before and after 
swell). Let the curve f(x) in Fig. l a  represent 
part of the measured VDD in a specimen be- 
fore swell. XI ,  X,, and X, are the three actual 
density values provided by the scanning den- 
sitometer at the locations of x,, x2, and x,. 
Curve g(z) in Fig. l b  represents part of the 
measured VDD after swell in the same spec- 
imen. Z,, Z,, Z, Z, are the four actual density 
values at z,, z,, z,, and z,. Further, suppose 
that the point z, in Fig. 1 b corresponds to the 
point x ,  in Fig. la, and the thin horizontal 
layer Lx,x, before swell becomes Zz,zr after 
swell, where z' is the point somewhere in be- 
tween 2, and z,. From here, the task to deter- 
mine the thickness swell of the layer Lxlx, 
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FIG. 1. A schematic showing the procedures of esti- 
mating the thickness swell distribution in wood compos- 
ites. 
becomes a geometric problem. We need to es- 
timate the thickness of the layer Iz,zl. 
The weight (Wxlx2) of the layer Lxlx2 with 
unit surface area can be estimated by the shad- 
ed area in Fig. la  as 
Wxlx, = (XI + X,).0.254/2 = 
= (XI + x2).o.127 (1) 
where 0.254 is the increment distance between 
adjacent density points in millimeters. 
In the same fashion and using a linear in- 
terpolation, the weight of the layer 1zlz1 (Fig. 
1 b) was estimated by 
+ (Z, + Z1).x/2 = 
= (Z, + Z2).0.127 + 
in which Z' stands for the density value at the 
location z', while x is the distance from the 
point z, to the point z'. 
The unit weight of the horizontal layer Lx, x2 
before swell should be the same as that of the 
layer Iz,zf after swell (assuming specimen 
equilibration after swell). By letting Wx,x2 = 
Wz,zl, a quadratic equation was established as 
here, a = (Z, - Z2)/0.508, b = Z,, c = (Z, + 
Z2 - X I  - X2).0.127. 
In general, there were two solutions for x to 
satisfy Eq. (3). The solution that met the con- 
dition of 0 4 x I 0.254 was valid, while the 
other solution was rejected as it was either 
>0.254 or <O. 
The TS of the horizontal layer Lx,x,, then, 
was calculated as 
This process can be manually iterated for 
the whole thickness of the board from one sur- 
face to the other. For example, for the next 
horizontal layer Lx2x,, the point x2 before swell 
becomes the point z' after swell. The above 
procedures can be used except that we need to 
know the thickness y from z' to z,. This is 
calculated by the following relationship (Fig. 
1 b) 
In this study, a FORTRAN algorithm was 
developed to iterate this process. This program 
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FIG. 2. Thickness swell distributions of the medium FIG. 3. The relationship between layer density and lay- 
density fiberboard after three water soak exposure times. er thickness swell of the medium density fiberboard. 
was flexible in that the TS distributions can be 
generated based on different layer thicknesses 
(resolutions). 
RESULTS AND DISCUSSION 
Case I :  Medium densityjberboard 
The TS distributions of the MDF samples 
at a layer resolution thickness of 0.254 mm 
are shown in Fig. 2. The average TS values for 
these distributions were 9.26%, 12.64%, and 
17.64% for the 12-h, 24-h, and 168-h water 
soak exposures, respectively. These values dif- 
fered slightly from the measured average TS 
values (9.20°/o, 1 2.40°/o, and 1 6.40°/o, respec- 
tively). The small differences in these average 
TS values suggest that the technique of deter- 
mining the TS distribution is feasible. 
Similar to the VDD (Fig. 5) ,  TS at the surface 
regions of the board was higher than that in 
the center. Many processing treatments can 
contribute to this distribution phenomenon. 
For example, changing the resin and wax dis- 
tributions or altering the rheological process 
across the board thickness can result in a TS 
distribution. Although process variables for the 
materials used in this study were not known, 
the interest of this work was to explore the 
techniques; the specific influences of process- 
ing variables were not examined. However, it 
is believed that the density distribution across 
the board thickness was the single most im- 
portant factor in TS development for this study. 
As more compression set was induced in the 
high density surface areas due to the hot press- 
ing, the subsequent release of the compressive 
stress due to the water uptake resulted in more 
swell in these regions. 
Figure 3 shows the scatterplot between the 
layer density and the layer TS at the same layer 
thickness of 0.254 mm, together with the result 
of the correlation analysis (r = linear correla- 
tion coefficient). The limited data did indicate 
that the layer TS was positively correlated to 
the layer density in these MDF samples. A 
complete statistical analysis (i.e., regression 
analysis) would require a larger sample for the 
analysis of significant effects; and the specific 
regression equations that depict the relation- 
ship between layer density and layer TS would 
be sensitive to, and dependent on, process 
variables used during manufacturing. Such an 
analysis to develop a family of equations was 
not the objective of this study. 
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FIG. 4. Thickness swell distributions of the oriented FIG. 6. Thickness swell distributions of the oriented 
strandboard after three water soak exposure times. strandboard determined at two resolution thicknesses. 
Case 2: Oriented strandboard ter soak exposures, respectively, which also dif- 
The TS distributions across the thickness of fered slightly from the measured values (6.32% 
the OSB at a layer resolution thickness of 0.254 7.82O/o, and 14.42%, respectively). 
mm are shown in Fig. 4. These distributions Similar to the TS distributions of the MDF, 
yielded average TS values of 7.03%, 8.43%, TS at the surface regions of the OSB was also 
and 15.99% for the 12-h, 24-h, and 168-h wa- higher than that in the center. However, these 
Thickness ( m m )  
FIG. 5. Vertical density distributions of the medium 
density fiberboard and oriented strandboard before and 
after wzter soak for 168 h. 
Layer Density (kg/m3) 
FIG. 7 .  The relationship between layer density and lay- 
er thickness swell of the oriented strandboard. 
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FIG. 8. Thickness swell distribution of the particle- FIG. 9. The relationship between layer density and lay- 
board after three water soak exposure times. er thickness swell of the particleboard. 
TS distributions were more erratic for the OSB 
than for the MDF; the MDF furnish material 
and resulting density distribution are more 
uniform than for the OSB. Figure 5 shows the 
comparison of the VDDs of the MDF and OSB 
both before and after a 168-h water soak test. 
Since the TS distribution was determined based 
on the VDDs, a more erratic TS distribution 
resulted for the OSB. 
The fluctuation in the TS distribution can 
be alleviated by increasing the layer thickness 
for the determination. Figure 6 shows the re- 
duction in the fluctuation of TS distribution 
after a 168-h water soak, determined at a res- 
olution thickness of 1.0 16 mm for the OSB. 
The reduction in fluctuation is achieved at the 
expense of precision or minimum resolution. 
The TS distribution of OSB was also be- 
lieved to be controlled by the density variation 
across the board thickness. The scatterplot be- 
tween the layer density and layer TS (Fig. 7) 
demonstrates a positive correlation (r > 0) for 
the OSB samples. 
Case 3: Particleboard 
The TS distributions of the particleboard 
samples at a layer resolution thickness of 0.254 
mm are shown in Fig. 8. The average TS values 
given by these distributions were 12.65%, 
14. 10°/o, and 20.02% for the 12-h, 24-h, and 
168-h water soak exposures, respectively. 
These average values also agreed well with the 
measured values (1 2.83%, 15.05%, and 
18.66%, respectively). The scatterplot and the 
correlation coefficient (r) between the layer 
density and the layer TS for the particleboard 
are shown in Fig. 9. Again, the layer TS was 
positively correlated to the layer density for 
the particleboard samples. 
SUMMARY AND CONCLUSIONS 
Dimensional stability performance, as mea- 
sured by the thickness swell, is an important 
material property that helps define end-use ap- 
plication and performance of wood composite 
panel materials. The technique of determining 
the thickness swell distribution across the board 
thickness, as described in this study, is aimed 
at identifying the layer contributions to the 
overall thickness swell of composite panel ma- 
terials and is a useful tool to better understand 
TS development in relation to the many pro- 
cess variables incorporated during product 
manufacture. For example, the response of in- 
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dividual layers to the possible distributions of 
moisture and temperature across the board 
thickness during manufacture, or the response 
of incorporating different wood species and 
particle geometries could also be detected. This 
information could then be used to improve the 
design and manufacture of more stable wood 
composite panels through understanding of 
layer density influence on the composite as a 
whole. 
The technique was based on the changes in 
vertical density distributions from before and 
after the water soak test (we recognize that 
other test methods could be employed). The 
thickness swell distribution presented in this 
study mainly represents the contribution of the 
unrecoverable TS component due to the re- 
lease of compressive stress; the removal of the 
recoverable hygroscopic swell from the total 
swell may be advantageous in studies aimed 
at investigating the rheological process during 
the pressing operation and the relationship to 
thickness swell performance of wood compos- 
ite panels. As expected, the layer thickness swell 
was positively correlated to the layer density. 
All three commercial products, medium den- 
sity fiberboard, oriented strandboard, and par- 
ticleboard, exhibited higher thickness swell at 
higher density surface regions. 
The FORTRAN algorithm is available from 
the authors. 
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